Recent advances in micro-electro-mechanical systems (MEMS) have led to the development of uncooled infrared detectors operate as micromechanical thermal detectors or micromechanical quantum detectors. We report on a new method for photon detection using electronic (photo-induced) stresses in semiconductor microstructures. Photo-induced stress in semiconductor microstructures, is caused by changes in the charge carrier density in the conduction band and photon detection results from the measurement ofthe photo-induced bending of semiconductor microstructures. Small changes in position (displacement) of inicrostructures are routinely measured in atomic force microscopy (AFM) where atomic imaging of surfaces relies on the measurement of small changes (<1O m) in the bending of microcantilevers. Changes in the conduction band charge carrier density can result either from direct photo-generation offree charge carriers (electrons, holes) or from photoelectrons emitted from thin metal film surfaces in contact with a semiconductor microstructure which forms a Schottky barrier. In our studies we investigated three systems: (i) Si microstructures, (ii) InSb microstructures and (iii) Si microstructures coated with a thin film ofPt. We found that for Si the photo-induced stress results in a contraction of the clystal lattice due to the presence of excess electron-hole-pairs while for InSb photo-induced stress causes the crystal lattice to expand. We will present our results and discuss our findings.
INTRODUCTION
Photon detection and imaging has extensive medical, industrial, military, and commercial applications. The detection of infrared (IR) radiation, which is the second most intense radiation source in our environment, is very important for a variety of activities both commercial and military. However, the high cost of JR cameras has limited their use to primarily scientific research and military applications. In order to detect IR radiation emitted from objects, the wavelength region between 3 to 5 tm and 8 to 14 .tm is used since it exhibits particularly low atmospheric absorption. Infrared radiation detectors' can be classifiedbroadly as either quantum(electro-opfic) detectors5 orthermal detectors such as pyroelectric6, thermoelectric, resistive microbolometers7'°, and micromechanical thermal detectors"'8.
Among the various IR radiation detectors the class ofquantum detectors have fast response times and high detectivities, D*, but require the devices to be kept at a reduced temperature to minimize the effects of internal thermal noise that varies as exp(-ck7). For sensitive imaging in the mid-to far-infrared region, the photon detector must be cooled to liquid nitrogen temperatures (i.e. 77 K) orlower, thus greatly increasing the cost, size and complexity ofthe detector. Thermal detectors have a very broadband response, since they are based upon thermal conversion of the absorbed energy. The thermoresistive microbolometer"°"9'2° detectorand acompeting electric field enhanced pyroelectric6'' array detector have demonstrated a noise equivalent temperature difference (NETD) ofless than 50 mK; for a 320x340 array with 5Oimx5O.Lm pixel size an NETD of < 20 mK was demonstrated'9. Recently, a new type of thermal detector based on micromechanical structures was developed'4"'8' with a reported NEDT ranging from 5 K ' to 5 mK 16,22 and D* iO cm Hz'W' ' However, these thermal detectors generally have slow response times (> ms), low detectivities, and are limited by the fundamental temperature coefficient ofresistance (for resistive bolometers), the pyroelectric coefficient (for pyroelectric detectors) and thermal bending
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More recentlywe have developedanewapproachforproducingcompact, light-weight, highly-sensitive micromechanical photon detectors that are based on micro-electro-mechanical systems (MEMS). This new type of semiconductor micromechanical detector operates as a quantum detector 2325• The operation relies on the interaction ofphotons directly with the semiconductor material or semiconductor/metal interface resulting in photo-induced stress. This stress causes the radius of curvature of the microstructure to change and provides an elegant way to detect photons.
Earlier work has shown that bending of microstructures can readily be determined by a number of means, including optical, capacitive, piezoresistive, and electron tunneling with extremely high sensitivity 2627• For example, the metal-coated microcantilevers that are commonly employed in AFM allow sub-Angstrom (<1O.b0 m) sensitivity to be routinely obtained; Han27 and ni28 have demonstrated AFM sensitivities of 10" N, corresponding to bending magnitudes of approximately 5x 1O11 m. Recently, even smaller microcantilever deflections were measured with a resolution of -O4x1012 m 29,30 Standard AFM microcantilevers are typically 100-200 pm long, 0.3-3 im thick and 10-30 pm wide, and can be fabricated from various dielectric or semiconducting materials. Microcantilevers made from GaAs were also fabricated with a thickness ofmerely 100 mu 3l When even thinner microcantilevers were used, measurements of 10.18 N have been reported. In fact, when micromechanical structures are used as photon detectors and not as thermal detectors, they have faster response times and higher performance than that of micromechanical thennal detectors.
In our present studies we discuss both thermal and photonic microstructures. We investigated three systems: (i) Si microstructures, (ii) InSb micromechanical detectors and (iii) Si microstructures coated with a thin film ofPt. We found that for Si the photo-induced stress results in a contraction of the ciystal lattice due to the presence of excess electron-hole-pairs while for InSb photo-induced stress causes the ciystal lattice to expand. In the following sections we will present our results and discuss our findings.
THERMALLY-INDUCED STRESS
Bimaterial microstructures undergo bending due to differential surface stress in the microstructure. The change in the radius due to differential surface stress, 1s, can be written as 1432 ii: (1) l(t1 + t2)13(1 + t1it2 + (i + t1E1/t2E2)tt1 it2 + t2E2/t1E1) I where t1 and t2 are the thickness of the coating and microstructure substrate, 1 is the microstructure length, E1 and E2 are the Young's moduli ofthe coating and microstructure, and E is the effective Young's modulus ofthe coated microstructure . Note that E = E1E2 I (E1+E2). Bending resulting from differential surface stress in such a microstructure can be detected with subnanometer sensitivities. The bending is related to the radius of curvature Zm,, P/(2R) which can be written as
Previous work has shown that silicon nitride microcantilevers with a thin gold film on one side undergo measurable bending due to temperature changes as small as 1O K. This bending is due to the differential stress created by dissimilar thermal expansion of the microcantilever substrate and the gold coating (or the bimetallic effect). The differential stress due to thermal expansion of these materials can be approximated as 14
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where, dejdP is the pressure dependence of the energy bandgap, a is the coefficient of thennal expansion, and E is the Young's modulus. When dcjdP is negative the photo-induced stress is of opposite sign than that of the thermal stress and will tend to make the semiconductor crystal to contract. The deflection sensitivity can be enhanced by coating the microstructure with a where AT is the temperature change of the microstructure and a and a are the coefficients of thermal expansion for the materials composing the bimetallic strip. By measuring the bending distance Zm, the change in temperature can be detennined by (4) This assumes the ideal case where the microstructure and its base are at the same temperature. This also assumes that all incident radiation is absorbed by the microstructure and thebase, resulting in a uniform temperature change. The fundamental limitstotheperformance ofthese micromechanical structures are establishedby thepropertiesofthe microstructuresthemselves and also depend on the readout means. When an optical readout scheme is used to measure z, in certain cases the influence of the optical readout can be negligible. The fundamental limits i.e. , background fluctuation noise limit and temperature fluctuation noise limit depend on the inherent properties ofthe microstructures. An ideal, noiseless readout would amplify and displaythe signal and noise inherent to the microstructures without adding any excess noise. Itturns outthatthe optical readout used in this work is very close to this case.
ELECTRONICALLY-INDUCED STRESS

IILLII
Microstructures exposed to photons (see Figure 1) undergo bending due to the differential surface stress (Ass1-s2) created by differential As=As.= --iAn E
In 3dP layer ofanother material. For a rectangular bimaterial bar ( Figure 1 ) oflength 1, width w,and total thickness t, the reciprocal of the radius of curvature, R, is given by
where t1 and t2 are the thickness ofthe bimaterial layer and microstructure substrate, E1 and E2 are the Young's moduli of the bimatenal layer and microstructure, and E is the effective Young's modulus ofthe coated microstructure and is given by E E1 P22 I (E1 + E2). Materialswith large differences in their E will offer better deflection sensitivity. However, the larger the difference between the Young's modulus the more difficult it becomes to deposit a bimaterial layer and not produce "curled" microstructures1630 The deposition ofmetal layers on thin inicrocantilevers to produce unstressed structures with no bending is difficult and requires extremely high thennal stability. Bimaterial microcantilevers with no noticeable bending have been produced when care was taken to avoid any temperature rises during the bimaterial deposition process °. Inthose studies the investigators broke down the complete deposition process into 20 steps in order to avoid the temperature ofthe microcantilever rising during the deposition.
The reciprocal ofthe radius ofcurvature is approximately equal to dz/dy '°. Then, using Eqn (6) the maximum displacement Zm of the microstructure is given by
The overall change 1flZm \'111 depend on several physical and mechanical properties ofthe semiconductor. Infact, forthe same inputpower a Si microstructure exhibits a photo-inducedbending that is aboutfourtimeslargerthanthatdue to thermal induced stress 23
Assuming that an incident radiant power, (I)e,in a semiconductor microstructure generates number density of excess charge
where i is the quantum efficiency, h (6.625x 1O J s) is Planck's constant, c (3 <iOm s') is the speed oflight, and tL is the lifetime of the carriers in the semiconductor. Then the maximum displacement z, can be rewritten as
We can define the deflection responsivity R = z / (I)e, ,
Since the charge carriers can be generated in a veiy short time the photo-induced stress can manifest itself much faster than thermal stress.
In Figure 2 we calculated the photo-induced responsivity as a function of photon wavelength for a number of different semiconductor materials using Eqn (10) and the material properties found in Table I . We assumed the microstructures had length 1 = 100 .Lm, width w 20 m, and total thickness t 0.5 Lm. The bending due to photo-generated charges increases linearly with increasing wavelength up to the cutoff A, of several different semiconductor materials. Semiconductor microstructures with longer wavelengths are required for detection of JR radiation emitted from objects at room temperature.
It is interesting to note that InSb has both longer cutoffwavelength and higher responsivity. 
PHOTO-INDUCED ELECTRONIC STRESS iN METAL-SEMICONDUCTOR
Photo-induced stress can be manifested in semiconductor microstructures with a metal/semiconductor interface which forms a Schottky barrier. When such a device is exposed to photons (with energies above the Schottky barrier), the excess charge carriers generated induce an electronic stress, which causes changes in the radius of curvature of the microstructure and the microstructure bends. The extent ofbending is directly proportional to the radiation intensity.
Again for a rectangular bar ( Figure 1 ) oflength 1, width w, and total thickness t, the maximum displacement Zm,, S given by Eqn (9). However, the overall change in Zm,, will depend on several physical and mechanical properties of the metal/semiconductor system. The quantum efficiency for a Schottky barrier can be described
where C0 is in units of inverse energy and depends on the quantum yield and 'I' is the Schottky barrier height. Then the maximum displacement z,, can be rewritten as
where A (=hc/P) is the cutoff wavelength for photoemission form the Schottky interface. Since the charge carriers can be generated in a very short time the photo-induced stress can manifest itself much faster than thermal stress. We can then define a deflection responsivity R = z / (I)e, V1Z.,
From Eqn (12) we can calculate the deflection responsivity for a Pt-Si system (which can form Platinum Suicide) using values found in the literature4' for Si (dejdP = -3.14x 1024 cm3, and E1= 1.69x 1012 dyn/cm2) and for Pt (E2 = 1.91 x 1012 dyn/cm2), the photo-induced deflection of a Pt-Si microstructure photon detector as a function of photon wavelength; the absorbed power was assumed to be 1 nW. The Pt-Si microstructure photon detector was given a length 1 100 .tm, width w = 20 Lm, total thickness t = 500 nm and a 30 nm Pt coating. The overall bending due to internal photoemission is plotted in Figure 3 and can be seen to decrease with increasing wavelength up to the cutoff wavelength of PtSi (? 5.5 I.tm). A second laser was used in a probe configuration to monitor bending. A laser beam was focused onto the tip of the microstructure using and in order to minimize heating of the tip by the probe laser, optical power was reduced by placing a neutral density filter. A quad-element (A,B,C,D) photodiode detector was used to collect the reflected probebeam. The current output (I,B,c,) ofthe photodiode depends linearly on the bending ofthe microstructure. A high narrow bandpass optical filter is placed in front ofthe photodiode allowing the laser beam to be detected while preventing other wavelengths from reaching the photodiode. The amplified differential current signal from the quad cell photodiode,
EXPERIMENTAL
'CD)l, is monitored and recorded using a digital oscilloscope (Tektronix TDS 780) or sent to a lock-in amplifier (Stanford Research Systems SR850) for signal extraction and averaging.
During our studies we also coated Si microstructures with a thin layer of Al (30 urn). We used an argon ion beam and an Al target to sputter a thin coating on one surface ofmicrostructures; we used Al coated microstructures to study the effect of thermal stress using a diode laser with 1300 nm photons. We found that even at those small thicknesses, Al causes the microstructures to "curl". We heated the coated microstructures to about 500° C for a period of four to six hours to reduce residual stresses. This procedure seemed to result in microstructures with almost no residual bending. However, the resonance frequency of the coated microstructures was lower than the uncoated and it is rather difficult to determine how much ofthe shift was due to mass loading and how much due to residual stresses.
Our InSb structures were microfabricated using single point diamond and ion beam milling processes. A focused ion beam (FiB) system was used to "write" the desired patterns and shape the detector element. Al (50 nm) was slowly deposited on one side of the InSb microstructure to make it bimaterial. We fabricated platinum suicide microstructures by coating Si microstructures with a thin layer ofPt (30 nm). The coated devices were subsequently placed in vacuum chamber and heated to 4500 C for a period of three to four hours in order to produce platinum suicide at the interface of Si and Pt. An additional benefit ofthis process was the fact that the resulting microstructures had little or none residual stress present as a result of the deposition process.
RESULTS
The microstructures were exposed to photons from a diode laser with wavelength A780 mu, l300nm and 1550 mu, and using a mechanical chopper, the incoming photon radiation was modulated at different frequencies. We measured the bending of microstructures as a function oftime and in Figure 5weploued that temporal response ofa Si microstructure when the absorbed optical power was 3.9 nW; the absorbed power was calculated using (I)e''' aais e1C
I AP0 where aabsO.95 S the absorptivity of Si at 780 mu, A is the microstructure area and (= 1.53 mm2) is the area ofthe focused laser beam at the plane ofthe microstructure. The observed bending is attributed to the fact that the irradiated (top) side of the microstructure coatedct sooner that the bottom side. As can be seen from Figure 5the Si microstructure responds rapidlyto incoming photons that generate charge carriers which, in turn, cause a measurable mechanical bending. In these experiments, photons continued to impinge on the detector surface for about 5 x s, while the bending reached its maximum value within lx iO s. The time Figure 5 . Deflection of a Si microstructure [curve (a)1 due to photo-generated charge carrier when exposed to photons with ).=780 nra and an absorbed power of3.9 nW. The dashed curve (b) represents the signal from the modulator and shows the amount of time the detector was exposed to photons. Curve (c) corresponds to deflection of the microstructure due to absorption of 2 nW power of photons with X=1300 nm and is purely due to thermal effects. Inorder to determine the effect ofthe thermal stress under our experimental conditions, we illuminated the Si microstructure using photons with ?=13OO nm. Since Si is transparent to these photons, we deposited a thin aluminum coating of3O mu along one side of the Si microstructure using the procedure described in above. The absorbed power was estimated using
'Zabs e A I where °Cabs 0.01 is the absorbivity of Al and A ( = 2x iO cm2) is the area of the Al coating. We modulated the infrared radiation at a frequency of 1000 Hz and in Figure 5 curve (c) we plotted the measured the microstructure bending as a function oftime for an absorbed power of2 nW. The change in the direction ofmicrostructure bending compared to curve (a), is due to the fact that the irradiated (top) side of the microstructure expands sooner that the bouom side. From curve (c) in Figure 5 it can be seen that for 780 nm photons and 1000 Hz modulation frequency, the observed thermally induced bending ofthe microstructure is smaller (over 2 times after correcting for the absorbed power) compared to the photo-induced bending and the response time is longer (>ms). The response of the microstructure [curve (a) in Figure 5 ] is faster than deflections due to thermal effects [curve (c) in Figure 5 ].
Since dç/dP is negative for Si it should be straightforward to distinguish the photo-induced stress from the thermal stress in Si by observing the direction ofbending indicated by the phase shift of the signal waveform with respect to the reference signal. When photons with energies above the bandgap are used, the Si microstructure contracts and deflects in one direction [curve (a) in Figure 5 ]. However, when photons with energies below the bandgap are used, the Si beam expands and deflects in the opposite direction [curve (c) in Figure 5 ]. We also measured the microstructure bending due to photo-induced stress as a function of absorbed power. In Figure 6 we plotted the measured bending of a Si microstructure as a function of absorbed power using a diode laser with A=780 nm. The microstructure deflection was primarily due to photo-induced stress and was found to increase linearly with increasing power with a deflection sensitivity of 0.099 m/W.
We also investigated the response oflnSb microstructures to photons and measured the microstructure bending due to electronic stress as a function of absorbed power. We calculated the absorbed power using plotted the deflection of an InSb microstructure as a function of time due to photo-induced stress when exposed. In Figure 8 we plotted the measured bending of an InSb microstructure as a function of absorbed power using a diode laser source with wavelength A1550 nm. The deflection ofthe InSb microstructure was primarily due to electronic stress caused by excess charge carriers in the conduction band and was found to increase linearly with increasing power with a deflection sensitivity of 0. 1467 m/W (see Figure 8 ). In this work the smallest positional changes we measured were a fraction of a nanometer.
Pt-Si microstructures were exposed to photons from a diodelaserwithwavelength ?=155O run andusing a mechanical chopper, the incoming photon radiation was modulated at a frequency of 1 120 Hz. Since Si is transparent to photon wavelengths above 1 100 nm, 1550 nm photons can reach the interface of Pt and Si and generate photoelectrons from platinum suicide. These electrons can drift into Si and cause an electronic stress. We measured the deflection ofPt-Si microstructure as a function of time and in Figure 9 plotted the temporal response when the absorbed optical power was 20 nW. The absorbed power was calculated using te°' aae1" x A I A, where aa (roughly 0.01) is the photon absorptivity ofPt at 1550 nm, A is the microstructure area and ( 1 .75 mm2) is the area ofthe focused laser beam at the plane ofthe microstructure. As can be seen from Figure 9 , the Pt-Si microstructure responds rapidly to incoming photons that generate photoelectron from the Pt-Si surface which, in turn, cause a measurable mechanical bending. For similar structures, thermal effects have been found to play a role in slower time scales with a time constants >iO s 11,12,14 Since the pressure dependence ofthe bandgap is negative for
Si ' excess electrons present in the Si will cause Si to contract while the Pt layer will either expand or remain unaffected. It is this bimaterial effect that makes the micromechanical structure exhibit increasedbending when exposed to infrared photons. We should point out that the temporal response of the Pt-Si microstructure shown in Figure 9 (solid curve a) is limited by the time constant ofoptical read-out electronics. This observation is supported by the response ofthe read-out quad cell photodiode shown in Figure 9 (dashed curve c). It can be seen that the photodiode response is dramatically influenced by the time constant of the read-out circuit. We also exposed our Pt-Si microstructure to varying input radiant power and measured the microstructure bending due to electronic stress as a function ofabsorbed power. Again, we calculated the absorbed power using (I)°' 4)eiflCX Ad L4spot and in Figure 10 we plotted the measured bending ofa Pt-Si microstructure as a function ofabsorbed power using a diode laser source with wavelength A=1550 nm. The deflection ofthe PtSi microstructure was primarily due to electronic stress caused by internal photoemission and was found to increase linearly with increasing powerwith a deflection sensitivity ofO.0527 m/W. In our studies the smallest positional changes we measured were a fraction ofa nanometer. However, much smaller values are possible (1012 m) corresponding to a minimum detectable power of 1O' W which, in turn, translates to a detectivity of iO cm Hz"2W' at 30 Hz. This value is one order of magnitude higher than the D reported for microstructure thermal detectors '
Ourresults demonstrate that exposing Pt-Si microstructures to photons with energies above the PtSi Schottky barrier produces a photo-induced mechanical stress, which dominates over thermally-induced stresses. However, when the photon energy is belowthePtSi Schottkybarrier, thermal effects dominate. We found that the deflection ofPt-Si microstructures depend linearly on photoemissively-induced stress which, in turn, depends linearly on the input optical power and is manifested with fast response times. Furthermore, this mechanism does not rely on changes in the temperature ofthe microstructure and therefore thermal isolation (that is crucial to the operation of thermal detectors) has minimal influence.
Utilizing photon detection mechanisms that rely on the measurement of photo-induced stress in micromechanical structures, it may be possible to construct micromechanical photon detector arrays using microfabrication processes. Unlike thennal detectors that respond slowly (response times -ms) to impinging photons via temperature changes, a detector based on the photo-induced stress will respond both more sensitively and rapidly to incoming photons, with fast response times < ms. Usually, the sensitivity of micromechanical photon increases as the thickness to length ratio ofthe microstructure decreases. However, in devices with smaller thickness the photon absorption is less. One way to increase photon absorption even in thin devices is to form a "detuned" resonant cavity where one wall of the cavity is the micromechanical photon detector.
DISCUSSION
MEMS devices allow us to take advantage ofa number ofphysical phenomena that manifest themselves in the microscale and use such phenomena in the problem ofuncooled 1R sensing. The approach we presented here relies on the direct interaction ofphotons with single ciystal semiconductor microstructures. Forappropriate photon energies such interactions are manifested as internal mechanical stress which cause the microstructures to respond to incoming photons by changing their radius of
curvature. An essential aspect ofany scheme for micromechanical photon detection is the ability to sensitively detect physical changes resulting from photo-induced stress, since this directly affects the sensitivity and precision in measurement of photon flux. Therefore, sensitive and elegant readout schemes are necessary especially those that can be implemented in large array formats.
Exposing Si microstructures to photons with energies above the bandgap of Si, produces a photo-induced mechanical stress which dominates over thermally-induced stresses. However, when the photon energy is below the Si bandgap thermal effects dominate. We found that the deflection ofa Si microstructure depends linearly on photo-induced stress which, in turn, depends linearly on the input optical power and is manifested with fast response times. Furthermore, this mechanism does not rely on changes in the temperature of the microstructure and therefore thermal isolation (that is crucial to the operation of thermal detectors)has minimal influence. Utilizing such adetection mechanism it maybepossible to construct micromechamcal photon detectorsandunhikethermaldetectorsthatresPOfld slowly(responsetimes -ms) to impingingphotons viatemperaturechanges, a detector based on the photo-induced stress will respond both more sensitively and rapidly to incoming photons, with fast response times <ms.
From our present results it can be seen that for Si microstructures the calculated deflection sensitivity (for 780 am photons) is B -0.5 m/W and is larger than our measured )1 =0.099 m/W. We attribute that difference to the approximations used to determine the photo-induced stress (Eqn 7) and possibly to the value used for the absorbivity of Si. We should note that the smallest microstructure deflection we were able to measure using an optical readout technique was 10.11 m. However, values of 10.12 m are possible corresponding to a minimum detectable power of 10h1 W which corresponds to detectivity of D -.
iO cm Hz2W at 30 Hz. This value is one order of magnitude higher than the D*reported earlier for microcantilever thermal detectors ' InSb devices have longer cutoff wavelengths and exhibited larger deflection sensitivities which isa direct consequence of its material properties. Indeed, the value for dç/dP is one ofthe largest compared to other semiconductors.
In order to understand the ultimate performance of MEMS IR detectors we need to consider the fundamental noise sources. At any instant the detector element radiates energy to its surroundings and the surroundings radiate energy to the detector. The temporal fluctuations in this interchange give rise to temporal fluctuations in the temperature ofthe detector element. These temperature fluctuations appear as fluctuations in the output from the detector element, i.e., as noise. In the microstructure the temperature fluctuations manifest themselves as extremely small motions ofthe microstructure end, i.e., as fluctuations in z. This is known as the background fluctuation limit. No uncooled detector exists today that can operate at the background fluctuation noise limit. The temperature fluctuation noise limit is the fluctuations in temperature ofthe detector element due to fluctuations in heat exchange with its surroundings by means ofthennal conduction. Ifthe micromechanical structures are not in an evacuated package, this dominant heat loss mechanism will probably be caused by thennal conduction through the air surrounding the micromechanical structures . The temperature fluctuation noise associated with conduction through the air will severely limit the performance of the micromechanical structures. Even ii the micromechanical structure and the substrate to which it is mounted are at exacily the same temperature, there will be a heat exchange in both directions along the legs which will cause the microstructure temperature to fluctuate; this is known as temperature fluctuation noise. It canbe seen that background fluctuation noise is the ultimate manifestation oftemperature fluctuation noise; the thermal isolation provided by the legs is so great that radiative losses dominate.
CONCLUSIONS
IR imagingusing uncooled IRdetectors isvery attractive due to the potential low cost. For efficient JR imaging two dimensional arrays are required andtherefore in future workthe fabrication oflarge arrays with small detector elements should be addressed. The results of the present work demonstrate that microstructures represent an important development in MEMS quantum detector technology and can be expected to provide the basis for considerable further development. For example, vastly improved microstructure photon detectors couldbepreducedbymaking relatively simple changes inthe semiconductor material and geometiyused in microfabrication. Microstructures can be fabricated using standard semiconductor methods and materials and as a consequence could be mass produced at veiy low cost. Hence, two-dimensional micromechanical arrays based on the technology described here, could become very attractive for a number of applications due to their inherent simplicity, high sensitivity, and rapid response to optical radiation. In addition, microstructure technology is compatibility with a variety of readout methods also affords tremendous flexibility to potential system designers. The ultimate performance of such devices needs to be further investigated especially when the noise contribution from the readout scheme is considered. Uncooled IR sensortechnology can makepossible a number ofnew applications previously not feasible. Although currently uncooled sensors cannot reach the performance characteristics of cooled devices, uncooled detectors with high-density arrays, smaller detector element sizes, low-cost and increased performance will eventually allow us to replace cooled infrared detectors. 
